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@ Position input device and input apparatus using the same.

@ A position input device forming four independent
clectrodes disposed in four directions on one lower
fam, and forming one common electrode so as fo
confront all four electrodes on the other upper film,
on the mutually contronting surfaces of two upper
and fowor films, and posscssing pressure sensitive
elements made of pressure sensitive rubber or the
like varying in the resistance by the pressure in the
thickness direction between the electrodes and the
comumnon electrede, disposed between the indepon-
dent electrodes and the common electrode, a pres-
sure plate having protrusions provided in four direc-
lion so as 1o press the pressure sensitive elements,
and an operation lever for pressing the pressing
plate provided movably on the pressing plate, and
an input apparatua using the same.
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FIELD OF THE INVENTION

The present mwvention celales lo a position input
device such as pointing device ussd in psrsonal
computer, word processor, other infarmation pro-
cessing apparatus, and home-use game appli-
ances, and an inpul apparatus using the same.

BACKGROUND OF THE INVENTION

A prior arl is descrbed by relerence o a
pointing device using a strain gauge shown in Fig.
17 {a), {b), and {c). As shown in the diagram, on
four sides of a bar-shaped stick 23, strain gauges
24a, 24b in the X-axis direclion, and 253, 25D in
the Y-axis direction are adhered.

The four strain gauges 24a, 24b, 253, and 25b
are connected as shown in Fig. 17 (c), that is, the
strain gauges 24a, 24b in the X-axis direction being
in series, and the strain gauges 25a, 25b in the Y-
axis direction being in series.

The opcration of tho pointing device is de-
scribed below. The force applied in the stick 23
distorts the stick 23 in the X-axis and Y-axis, and
the strain gauges 24a, 24b, 25a, and 25b measure
voltages Vix, Vy of which resistance is changed by
the distortion of the stick 23, and therefore the
diroction of the applied force is detected by the
synthesis of the changing amounts of the X-gxis
and Y-axis, and the magnitude of the applied force,
by the absolute vaiue of the changing amounts of
the X-axis and Y-axs.

However, in such conventional constitution,
since strain gauges ace used, it is expensive. Other
problems were the poor operation feeling such as
difficulty in vecoguizing the feelng iy actual ma-
nipulation, and the difficulty in making compact.

SUMMARY OF THE INVENTION

It is hence a primary objact of the invention to
present 3 compact position input device capavle of
detecting the direction of force and magnitude of
force, being mexpensive and excellent in control-
labllity, and an input apparatus using the same.

The invention provides a position input device
comprising a lowsr film disposing indspendent
electrodes in four directions individually, an upper
film disposing common slectrode confronting the
independent electrodes, pressure sensitive ele-
ments disposed betwesn the indepsndent eloc-
trodes arxd common electrodes respectively, a
pressing plate possessing protrusions at the posi-
tions tor pressing the pressure sensilive elements
corresponding to the indspendent elsctrodes and
coramon electrode, and an operation lever for man-
ipulating the pressing plate.
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In the pasition input device of the invention, a
printed wiring board is used instead of the lower
figm.

In the position input device of the invention, the
pressing plate and the operation lever are con-
stituted in one body.

In the position inpul device of the invention, a
spacer is placed between tho pressure sensitive
elements so that the pressure sensilive elements
may not be pressed except in operation time.

In the position inpul device of the invention,
pressure sensitive rubber is used as pressure sen-
sitive elements.

In the position input device of the invention,
pressure sensilive rubber is used as pressure sen-
sitive elemoents, and the individual pressure sen-
sitive elements are constituted into one body with
the connecting parts.

The invention alsoe provides a position input
device comprising an A/D converter connected to
the independent eleclrodes, and an operating unit
connecting a memory unit in which the procedure
for processing the digital data obtained by the A/D
converter is written, wherein the memory unit pos-
sesses a table for converting the digital data ob-
tained by the A/D converler into an operaling force
of the operation lever or a moving speed cor-
responding to the operating force of the operation
ievel.

The invention also relates to an input apparatus
using a position input device possessing plural
wput keys, and an operation fever set ot @ same
height of the input keys or slightly higher, adja-
cently 10 the input keys.

An outline of the operation of the invention is
described bolow.

When the force applied to the operation lever
in the constitution doscribed above is applied to
the pressure sensitive elements in four directions
through  protrusions  of the pressing plate, the
changing resistances produced in ithe pressure
sensilive elements are read lrom lead wires of the
in dependent electrodes and the common elec-
frode, and the pressure sensitive elements are
sandwiched between the upper and lower films,
and therefore the siructure is thin, it is easy
manufacture, and it is possible to produce at low
cost.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing showing an embodiment ol
a position Input davice of the invention.

Fig. 2 is a drawing showing pressing plate
which is an sssentisl part of the position input
deyice ol the invention.

Fig. 3 (a) is a plan view of the position input
device of {he invention, and Fig. 3 (b} is s cross
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sectional view.

Fig. 4 is a diagram showing an equivalent
circutt of the postion input device of the invention.

Fig. 5 is a diagram showing the relation be-
tween the pressure and resistance of the pressure
sensilive rubbser of the position input device of the
invention.

Fig. 6 Is a diagram explaining the tabie for
converling the digikal data oblained by the AD
converter of the position input device of the inven-
tion into the manipulated force of the operalion
lever.

Fig. 7 is a diagram showing ihe changes of
resistance in the thickness direction of the prassure
sensitive rubber of the position input device of lhe
invention by the force in the thickness direction,
and changes of the voltage for A/D conversion.

Fig. 8 is a diagram explaining the behavior of
changes of the resistance in the thickness direction
of the pressure sensitive rubber of the position
input device of the invention by the force in the
thickness direction.

Fig. 9 (a) is a diagram explaining the operation
of the position input device of the invention, and
Fig. 9 (b} Is its side view.

Fig. 10 (a) is a plan view explaining the opere-
tion of the position input device in other embodi-
ment of the invention, and Fig. 10 (b) is its side
view.

Fig. 11 is & diagram of a position input device
in a different embodiment of the invention.

Fig. 12 i a diagram showing the pressure
sensitive rubber which is an essential part of the
position input device in a further difiercnt embodi-
mant of the invention.

Fig. 13 (a) s a diagram showing an input
apparatus of the invention possessing plural keys
using a position input device herein, and Fig. 13 (b)
is its slde view.

Fig. 14 is a diagram showing the relation be-
tween a film disposing commeon electrods and a
film disposing independent electrodes which are
essential parts of a position input davice in another
empodiment of the invention.

Fig. 16 is a dlagram showing the relation be-
tween a Glm disposing cammon elecirotte and a
film disposing independent elactrodes which are
essential paris of a position input device in anather
diffserent embodiment of the invention.

Fig. 18 is a cliagram showing the relation be-
tween a film disposing common electrode and a
film disposing independent electrodes which are
essential parts of a position input device In a fur-
ther different embodiment of the invention.

Fig. 17 (8) is a diagram showing strain gauges
which are essential parls of the pointing device of a
conventional position inpul device, Fig. 17 {b) is its
side view, and Fig. 17 (¢} is ils equivalent CirCuit.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

As shown in Fig. 1, on the upper surface of a
lower film 9 having a hole 9a provided in the
center, four independent electrodes 1, 2, 3 and 4
disposed in lfour directions are formed, and fram
the four indepsndent olectrodes 1, 2, 3 and 4,
indivicual lead wires 5, 8, 7 and 8 are drawn oul
respectively and wired on the lower film 9. Simi-
larty, on an upper film 12 having a hole 12a pro-
vided in the center, common selectrcde 10 and
common lead wire 11 corresponding o all of the
four indepandent slactrodes 1, 2, 3 and 4 formed
on the lower film 9 are wired.

Boitween the lower film © and upper film 12,
four pressure sensitive elements 133, 13b, 13c and
13d made of pressure sensitive rubber of which
resistance changes depending on the pressure in
the thickness direction are held to compose contact
points, in contact with the four independent eiec-
trodes 1, 2. 3 and 4 on the lower film 9, and aiso in
contact with the common electrode 10 provided
bencath the upper film 12.

In the upper part of the upper film 12, a press-
ing plate 14 is disposed, and in the lower part
thereof, as shown in Fig. 2, tour spherical protru-
stons 14a for pressing the pressure sensitive cle-
ments 13a, 13b, 13c and 13d, respeclively, are
disposed, together with two stopping parts 14b
provided on the circumference ot the opposite side
of the plane having a shaft 14¢ formed in the
center, and a protrusions 14a. As shown n Fig. 1,
an operation iever 15 and an upper case 16 are
disposed on the upper surface of the pressing
plate 14, and the assembly constiution is as shown
in Fig. 3 {a), (b), in which the shaft portion of the
operation lover 15 is mseried inlo a shalt hole 16a
of the upper case 1B from the opening side of the
upper case 16, and the pressing plate 14 is com-
bined with the upper case 16 so as to pinch the
operation lever 15, and e stopping parts 14b of
the pressing pat 14 are inserted and stopped into
pressing plale stopping holes 18b provided in the
upper case 16,

The shaft 14c provided in the center of the
lower side of the pressing plate 14 is combined
with the hole 12a in the central part of the upper
film 12 for composing the contact parts and the
hole 9a in the central part of the lower Rlm 9, is
further assembled with the hole 17a in the central
part ot the lower case 17 to formed info one body,
and screws 18 is driven into screw holes 17b
provided at lour corngrs ol the lower case 17 1o
fasten the uppsr case 16 by screwing.

In this constilution of the invention, meanwhile,
the pressure sensitive elements 13a, 13b. 13c, and
13d can be printed on ihe four independent elec-
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trodes 1, 2, 3 and 4 by using presswre seusitive
conductive ink, or on the common elactrodes 10, In
this constitution, the invention is capable of detect-
ing the changes of ths resistance of the individual
pressure sensitive elements 13a, 13b, 13c and 13d,
by measuring the resistance bstwasn the common
lead wire 11 and the indivicdual lead wire 5, 6, 7 or
8.

Fig. 5 s a characterislic diagram showing the
changss of the resistance of the individual pressure
sensitive elemeni 13a, 13b, 13¢ or 13d in the
thickness direction, in which the pressing force can
be known by measuring the resistance of he pres-
sure sensitive element 13a, 13b, 13c or 13d, for
example, the pressing lorce is 200 g if {he resis-
tance of the pressuro sonsitive element 13a, 13b.
13c or 13d in the thickness direction is 10 k@, or
the pressing force is 400 g if the resistance is 5.9
kQ. That is, by measuring the resistance, the press-
ing force can be recognized.

Incidentally, as shown in Fig. 4, the position

input device of the invention incorporates an A/D
converter; and also possesses a one-chip micro-
.computer in which the procedure for processing
the digital data obtained by the A/D converter is
written into & memory unil {AOM), end this micro-
computer possesses, as shown in Fig. 6, a 1able for
converting the digital data obtained by the AD
converter into the operating force received by the
oporation lever or the moving speed corresponding
to this operating force.

Fig. 7 shows a charscieristic diagram showing
the changes ot the resistance of the pressuwre sen-
sitve clement 13a, 13b, 13¢ or 13d in the thickness
direction by the force in the thickness diraction,
and changes ol the voltago lor A/D conversion, and
the A/D converted value as shown in Fig. 7 is
obtained by A/D conversion. By convertng it into
the operating force as shown in Fg. 6 by using the
table, the pressing farce is knowa.

Tha operation of the position input device of
the embodiment having such conslitution is ex-
plained below by referenca to Fig. 8.

When the operation lever 15 is pressect with a
force F, forces Fa, Fb, Fc and Fd corresponding to
the pushing positions are applied o the spherical
protrusions 14a provided at four positions of the
pressing plate 14. In particular, a downward force is
applied to the pressure sensitive elements 13a,
13b, s0 thal the resistance value decreases accord-
ing to the characteristic diagram in Fig. 6.

That is, by measuring the resistance of the four
pressure sensitive elements 13a, 13b, 13c, and
13d, the "direction” and “magnilude of force”
showing what force is applied in which direction
can be known.

Besides. as shown in Fig. 9 {a), (b). since the
operation lever 15 and pressing plate 14 are' com-
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posed ol dillerent parts, when the operation lever
15 is manipulated by applying a forca F, the opera-
tion lever 15 is incned by 0, bul the operation
lever 15 slides on the pressing plate 14 to press,
lor example, the pressure sensitive elements 133,
13b, 13¢ and 13d immediately bensath the protru-
sion 14a ol the pressing plaie 14, so0 that position
deviation doos not occur, and thereby a proper
operalinvg force can be applied.

As shown in Fig. 10 (8), (b) In the case of a
smaill shape of the position input device, when a
proper operating force is applied to the pressure
sensilive element 13a, 13b, 13 or 13d if the op-
eration laver 15 is inclined by the force F, the
number of parts can be curtailed by combining the
operation lever 15 and pressing plate 14 into one
body.

Fig. 11 shows a position input device having a
spacer 21 placed between a lower film 8 and an
upper film 12, together with pressure sensitive cle-
ments 13a, 13b, 13c and 13d, in which a cerlain
clearance is sct untll the pressure sensilive cle-
ments 13a, 13b, 13c and 13d are actually pushed,
so that errors duc to slight contact with the opera-
tion lever 15 may be avoided.

In fig. 12, the pressurc sensitive elements 13a,
13b, 13c and 13d are changed in resistance in the
thickness dircction by the pressing force, and by
making use of the fact that the resistance in the
plane diroction is extremely lerge so that the
change In its resistance can be ignored, the pres-
sure sensifive element is composed of one piece
by providing a connecting part 22, without separat-
ing into individual pressure sensilive elements, so
that the number of steps in assembling is reduced
{0 1/4.

Incidentally, the lower film 9 may be replaced
by a printed wiring board which s 2 rigid body.

Fig. 13 {a} and (b) rselate to an input apparatus
of the invention, in which the posilion input device

. of the invention is built in the input apparatus

possessing piural inpul keys such as a full key-
board of a personal computsr. The height of the
operalion lever 15 is same as the height of the
adjacent peripheral input keys 15a, or set slightly
higher, and it can be very easily manipulaied by
the finger of the operation.

Figs. 14, 15 and 18 show pointing devices of
other embodiments of the position input device of
the inventiotl, and specifically in Fig. 14, a pratre-
sion 14d is provided on the clrcumference of the
pressing plate 14, and by assembling the protru-
sion 14d by matching with a guide groove 19 of the
main body case (not shown), the protrusion 14d
providsd on ths pressing plate 14 and the pressure
sensilive elemenis 13a, 13b, 13¢ axd 13d can be
positioned easily.
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The embodanent shown in Figs. 15 anxt 16 has
the same purpose as the embodiment shown in
Fig. 14, and Fig. 15 shows an example ol providing
markings 20 on both main body case {not shown)
and pressing plate 14, and Fig. 18 shows an exam-
ple in which the outer shape of the pressing plate
14 is square, and the inside comers of the main
body case {(not shown) are assembled so that pres-
sure sensilive elements 133, 13b, 13¢ and 13d and
the pressing plate 14 may be watched, as bsing
guided by lie pressing plate 14.

Claims

1. A posilion inpul device comprising a {ower fitm
disposing independent electrodes in four direc-
tions individually, an uppey film disposing com-
mon clectrode confronting the independent
electrodes, pressure sensitive elementsd
isposed belween the independent clectrodes
and common electrode respectively,a pressing
plate possessing protrusions at the positions
for pressing the pressure sensitive elements
carresponding to the independent clectrodes
and common electrode, and an operation lever
for manipulating the pressing plate.

2. A position input device of claim 1, wherein a
rigid printed wiring board is used instead of the
{fowor film.

3. A position input device of claim 1, wherein the
pressing plate and operation lever are formed
nto one body.

& A position inpui device of claim 1, wherein a
spacer is disposed between the pressure sen-
silive efemenis sa that the pressure sensitive
elemants may not be pushed in other time
than in operation.

5 A position imput device of claim 1, wherein
pressure sensitive rubber is used as pressure
sensitive elements.

6. A position imput device et claim 1, wherein
pressure sensitive rubber is used as pressure
sensitive elements, and the inclividual pressure

sensilive elements are formed into one body

with the connecling parts.

7. A position input device ol claim 1, comprising
an A/D converter connected to the independent
electrodes, and an operaling uait connecling a
memory unit in which the procedurs for pro-
cessing the digital dala obtained by Ihe AD
converter is written, wherein the memory unit
possesses a table for converting the digital
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data oblained by ithe A/D counverter Mo an
opsrating force of the operation lover or a
moving Speed corresponding o the aperating
force of the operation level,

An input apparatus using a position input de-
vice of claim 1, possessing plural input keys,
and an operation lever set at a same height of
the inpul keys or slighily higher, adjacently o
the input keys.
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